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NTRODUCTION
The quest of finding a suitable method for accurate fault diagnostics and assessing the oil quality of electrical power transformer for life-long safeguard is ever-demanding. Undoubtedly, the longevity of transformer function and working efficiently have certainly been decided by its insulating quality. Generally, this insulation deteriorates over a time span with the variation of temperature, moisture, oxygen and other environmental factors. The judgment of faults and the assessment of oil quality is one of the most important sources in protecting transformers operational failures. The power transformers are exceptionally expensive and the damage in insulation system often causes high economic loss [1] . In the past, several methodologies are adopted for the diagnosis of faults in the transformer oil to assess the oil quality and different smart standards are developed with the approved specifications including IEEE standard C57-104.1991 [2] and IEC standard 599 [3] . Most of the assessment and diagnosis are based on the computer program. Despite many efforts the efficient and precise determination method of the nature of faults and subsequent *Corresponding author: Ahmed Raisan Hussein E-mail: alhusseinahmed70@gmail.com rectification mechanism for superior performance is far from being achieved.
It is well known that electrical transformer oils possess a dual function, including insulation and cooling. Their superior insulation and cooling attributes in the coils under a severely elevated change in temperature over extended operational period protects them from faults generation. However, the presence of high electrical pressure, temperature, and harsh environmental conditions produce hydrocarbons (gases) within the oil with strong negative impact on the functioning [4] . Therefore, transformers faults diagnosis and oil quality assessment are obligatory for protective maintenance schedules [5] . Several methods have been developed for fault diagnostics. However, for the assessment of oil quality one has to separate it.
We determine the concentrations of these gases based on the dissolved gas analysis (DGA) in power transformer oil. The DGA methods(Roger's ratio method, IEC ratio method and doernenburg ratio method) are used to develop a computer program for precise diagnosis and simultaneous assessment. In this paper used C++ software and matched with 99 IEC standard 599 to identify the fault types and IEEE standard C57-104.1991 to enough is capable of assessing the quality of oil as per (TCG). The appropriate treatments including single filtering and degassing, double filtering and degassing, as well as reclamation are applied without reusing the oil. The results are analyzed, comparisons are made, and the accurate diagnostics are achieved.
LITERATURE REVIEW
Recently, several interpretative techniques such as IEC 60599 Standard ratio codes, IEEE Standard C57-104, Roger and Doernenburg ratio codes, Key gas method, CIGRE guidelines, MSZ-09-00.0352 National Standard ratio codes and graphical method of Duval triangle are developed to predict the emergence of faults and to determine their types. All these methods of fault diagnosis are based on a celebrated DGA scheme [6] .
In the Key gas method the decomposition of gases in the transformers oil and paper insulation are caused by temperature dependent faults. The occurrence of various faults such as overheating of oil and cellulose, corona and arcing in oil produce certain gases and their proportions act as faults indicator types [7] .
In Doernenburg's ratio method values of CH 4 /H 2 , C 2 H 6 /C 2 H 2 , C 2 H 2 /CH 4, and C 2 H 2 /C 2 H 4 are used to indicate the emergence of thermal fault (corona and arcing) see table1. Based on thermal degradation principles and DGA this method utilizes ANS/IEEE Standard C57.104-1991. The method being a complex one with insufficient ratio ranges, the implementation may result in no interpretation [6, 8] . The Duval triangle method considers the concentrations (ppm) of methane (CH 4 ), ethylene (C 2 H 4 ), and acetylene (C 2 H 2 ) and expresses (CH 4 + C 2 H 4 + C 2 H 2 ) as a total gas percentage. The evaluation relies upon a chart (work point) in the triangular coordinate system which is subdivided into fault zones. The located point in the fault zone signifies the likely fault type that gets generated from gas concentrations combination [9] .
IEC Basic Ratio Method is similar to the Roger's Ratio method except the ratio C 2 H 6 /CH 4 is excluded because of limited temperature range of decomposition see table 2. Other gas ratios such as C 2 H 2 /CH 4 , CH 4 /H 2 , C 2 H 4 /C 2 H 6 are used to generate the codes for interpretation [10] . Finally, the Roger's ratio method is regarded as the most widely used techniques. Typically, three or four ratios are used for sufficient accuracy. For instance, the initial Roger's ratio method uses four ratios such as CH 4 /H 2 , C 2 H 6 /CH 4 , C 2 H 4 /C 2 H 6 and C 2 H 2 /C 2 H 4 to diagnose the incipient fault conditions and the normal condition as summarized in table 3 [11] . The types of generated faults in the oil can be determined via the algorithm once the gases the ratios are known. 
METHODOLOGY
The program is designed on the basis of dissolved gas analysis (DGA) methods in the oil. Roger's ratio method, IEC ratio method and doernenburg ratio method are used to diagnose the faults and TCG method is employed in the process of assessing the insulating oil quality as per the specification of IEC standard 599 and IEEE C57.104.1991, respectively. The flow chart of the algorithm is displayed in Figure 1 . After entering the data into the program through the window interface, the fault diagnosis is performed and the transformer oil treatment is carried out. The algorithm achieves good results in terms of fault diagnosis and oil status assessment as provided in table 5. 
RESULTS
After inserting the data ratios of gas-derived samples as furnished in the table 4, the program is tested in each case. The results as summarized in table 5, are appeared to be good and in agreement with the specifications of approved matching standard approved to diagnose faults and assess quality of insulating oil.
DISCUSSION AND CONCLUSION
The achieved results from our algorithm suggest that one of the significant and necessary maintenance steps must be to identify the status of transformer oil in service to ensure long term functioning. In fact, there are many other methods to diagnose faults and to assess the insulating oil quality via the dissolved gas analysis (DGA). However, we select the Roger's ratio method, IEC ratio method and Doernenburg ratio method, because it precisely provides more details about the types of faults occur in the transformers insulating oil. The insulating oil evaluation is performed through the knowledge of oil deterioration coefficient, which is calculated from the TCG method. Our simple computer program using visual C++ software is capable of detecting the type of faults and can assess the oil status once the values of dissolved gases are entered. In the present developed algorithm the interfacing is very easy and straightforward. A series of conducted tests using this program reveal superior results. The maintenance teams in the sub-stations can promptly act to rectify sudden breakdown of power transformers due to the emergence of faults. In Figure 3 represents a comparison of the methods used in the dissolved gas analysis of the form of percentages to show the extent of compliance with the actual results in the diagnosis of faults and assess the quality of insulating oil. Rogers method was the matching percentage is 50%, the IEC method was the matching percentage is 75% , and the Doernenburg method the matching percentage is 60%. As in the assessment of the quality insulating oil, where the matching percentage is 98%. We note that the methods used in the diagnosis of faults sometimes share a certain diagnosis of fault and sometimes specializes in one way of the three ways to diagnose fault it. In general the final results that compared with the actual results that have been taken in the maintenance of substations and the matched percentages were good and as in Figure 4 . We introduce a simple and yet accurate computer program to identify the fault type and assess the oil quality in the power transformers. The dissolved gas analysis in oil being the reliable method is used for faults diagnosis and insulation oil quality assessment. Roger's ratio method, IEC ratio method and Doernenburg ratio method using DGA in the oil is used where the software employed visual C++ program. The program is highly reliable to diagnose the fault and assessing the quality of insulation oil. The obtained results are quite satisfactory as per IEEE standard and C57-104 and IEC standard 60599 specifications. Furthermore, based on the software results the maintenance team can rectify the occurrence of sudden faults that results power disruption and economic loss. The nature of faults is accurately and efficiently detected and the oil replacement is cited as output in the interfacing.
